A recent study has introduced a new analytical approach to understanding neural circuits which has revealed previously hidden neural interactions in a large population of cells in the primate retina. The neural circuit described likely contributes to encoding visual motion.
Understanding how neural circuits encode ethologically relevant information is a fundamental goal of systems and computational neuroscience. This goal is shared with computer scientists and engineers who hope to apply neural coding principles and architecture to machine learning algorithms and hardware. Accomplishing this goal requires an understanding of how different neuronal cell types interact to shape information flow through a circuit, but gaining access to these cells and interactions has proven technically challenging. In this issue of Current Biology, Greschner et al. report how they used a novel analytical approach to study previously hidden circuit-level interactions between a large population of retinal cells [1] . In doing so, they discovered a circuit organization that may contribute to encoding visual motion in the primate retina.
The receptive field has been a central tenet of sensory neuroscience since the early 20 th century. According to this paradigm, a neuron is sensitive to stimuli falling in a specific, localized region of space -the receptive field -and the same neuron is agnostic to stimuli falling outside of that region [2] . Nowhere has this model been utilized more than in the visual system where receptive fields have been described at all levels of visual processing -from the cone photoreceptors at the back of the eye that transduce light signals into chemical signals, to cortical neurons sensitive to visual properties such as color and orientation [3] . In the early visual pathway, receptive fields often exhibit an opponent center-surround organization which can be described using a difference-ofGaussians model, resembling a sombrero, in which a narrow center lies in spatial opposition to a wider and weaker 'brim-like' surround of opposite sign.
In the human and non-human primate retina, the receptive fields of one of the most abundant cell types -ON parasol (magnocellular-projecting) ganglion cells -subtend relatively small regions of space. In the area of the retina responsible for peripheral vision, the receptive field of an ON parasol cell subtends less than one degree of visual angle [4] -about half the width of your index finger at arm's length. In this issue, however, Greschner et al. [1] report that ON parasol cells are sensitive to stimuli falling far outside of their canonical receptive fields. They found that these cells are affected by stimulation up to 15 degrees away-a distance of about seven inches (18 cm) at arm's length. These long-range interactions are mediated by GABAergic inhibition from wide-field amacrine cells -a cell type about which relatively little is known in the primate retina [5] [6] [7] .
Previous studies have shown that neighboring ON parasol cells are coupled electrically to two amacrine cell types [8, 9] ( Figure 1 ) and that this coupling contributes to correlated action potentials between neighboring ON parasol cells [10] [11] [12] . The earlier studies measured the effects of amacrine cell coupling but did not record from the amacrine cells directly. Here, Greschner et al. [1] used a novel analysis technique to measure the electrical activity of these inhibitory neurons and their effects on a population of ON parasol ganglion cells. Their analysis revealed that action potentials in a parasol cell depolarize electrically coupled wide-field amacrine cells; these amacrine cells, in turn, inhibit non-neighboring parasol cells by releasing the inhibitory neurotransmitter GABA onto parasol cell dendrites and/or presynaptic excitatory bipolar cell terminals.
When combined with previous findings, these new results support a model in which amacrine cell coupling mediates positive correlations in the activity of neighboring ON parasol cells and negative correlations between cells located farther apart (Figure 2 ). The diagram in Figure 2 suggests that the electrical coupling between neighboring ON parasol cells and the recurrent inhibition is mediated by the same wide-field amacrine cell type. Alternatively, one of the amacrine cell types coupled to ON parasol cells could mediate local reciprocal coupling, while the other mediates reciprocal inhibition to more distant targets [8, 9] (Figure 1 ), but further studies will be required to distinguish between these possibilities.
The lateral inhibition described here acts to normalize the activity of a given ON An ON parasol ganglion cell was filled with neurobiotin tracer (red). Tracer passed into electrically coupled amacrine cells indicated with arrows, triangles, or asterisk. The polyaxonal type exhibiting the properties described in [1] likely corresponds to the amacrine cell type with the larger soma (arrows); a second, distinct anatomical type is also observed (triangles). This image comes from my unpublished work done in collaboration with C. Puller, F. Rieke, M. Neitz, and J. Neitz. parasol ganglion cell relative to the activity of the wider ON parasol cell network [1] . Activity in the broader network provides a readout of a large region of the visual scene, and normalizing by this readout essentially removes the global average stimulus [13] and frees up the dynamic range of individual parasol cells to encode 'interesting' and 'unexpected' stimuli that deviate from the average [14] . Thus, reciprocal inhibition could contribute to retinal circuits tasked with normalizing parasol cell responses to general environmental conditions, such as ambient illumination (light adaptation) [15] , overall contrast (contrast normalization) [16] , and global motion [17] .
For example, during ballistic eye movements (saccades) a patch of retina rapidly surveys a large swath of the visual scene. This rapid global motion is not likely informative about what is occurring in the environment because it is the eyes, not necessarily objects in the environment, that are moving. During these global shifts, wide-field amacrine cells would inhibit recipient ON parasol cells, suppressing their activity. When the eyes are fixated, however, this inhibitory circuit would not be active and an ON parasol cell's sensitivity to local object motion would be enhanced [1] . Indeed, an analogous computation has been found in the rabbit and salamander retinas [17] . Moreover, a contribution to motion encoding agrees well with the observation that ON parasol cells provide input to two brain regions involved in motion processing -the superior colliculus and the magnocellular layers of the lateral geniculate nucleus of the thalamus (LGN) [18] .
In addition to providing important insight into the computations and architecture of one of the principal neural pathways in the early primate visual stream, the new study [1] opens up several other important lines of future study. For example, the electrically coupled amacrine cells clearly act as information conduits between ON parasol cells [1, [10] [11] [12] , but these amacrine cells likely have independent receptive field structures arising from synaptic inputs to their dendritic trees [5] [6] [7] 19] . Do ON parasol cells inherit some of their properties from these coupled amacrine cell receptive fields? If so, one would also expect that this would contribute to the global normalization circuit described here. In addition, wide-field amacrine cells are found at many, if not all, synaptic layers providing input to ganglion cells in the primate retina [6, 20] . Thus, the circuit motif described here may recur elsewhere in the retina and could shape the response properties of other ganglion cell pathways that contribute to visual perception. Drosophila hemocytes (blood cells) have emerged as a powerful system to image wound-induced inflammatory responses in vivo. New work reveals that layering mathematical modeling on top of imaging may be the most powerful tool yet for determining the properties of wound-induced signals.
Wide
One of the most enduring mysteries in the tissue repair field is the identity of the wound-induced signal(s) that attract inflammatory cells [1] . Substantial debate has accompanied the search for such signals and many factors have been proposed and tested in a variety of experimental systems. A study from Paul Martin's lab, in collaboration with the mathematical modeling group of Michael Stumpf [2] , published in this issue of Current Biology, sheds new light on how to approach the long-standing problem of identifying and defining wound-derived signals. Rather than go after the signal per se, they cleverly use a new tissue and imaging preparation that affords a precise view of the process. They then marry this precise view to a sophisticated mathematical analysis of the resulting movies -all in an effort to define the essential properties of the woundinduced inflammatory signal. [3] . This basic study showed that H 2 O 2 is produced nearly instantaneously by cells at the wound edge and is required for a robust inflammatory response. Follow-up studies suggested H 2 O 2 and other reactive oxygen species are required for the recruitment of diverse cell types in multiple organisms [4] [5] [6] [7] . However, the latest studies on H 2 O 2 have suggested that its role in promoting inflammation may be mostly permissive rather than instructive [8, 9] . Researchers again start wringing their hands -what then is the most proximal signal?
Combining the Easily-visualized Fly Immune Response with Math
Often it is useful to step back a bit from a seemingly intractable problem. The vertebrate immune system is a complicated milieu of many cell types and diverse molecular mediators. It is also technically challenging to see vertebrate inflammation in action, with some notable exceptions [10] . By contrast, some of the more popular genetic models, the fly and the zebrafish, possess macrophagelike blood cells and are wonderful for imaging, given their translucent bodies and the ability to genetically label cells of interest with fluorescent transgenes [11, 12] . Robust recruitment of macrophage-like blood cells to injury sites, a tissue-damage-induced inflammation process, has been observed in fly embryos [13] , larvae [14] , and pupal wings [15] . One of the major advances of the Martin/Strumpf study [2] was to shift the induced injury and its visualization to the pupal wing -a thin two-dimensional structure whose
